by disease or injury. While the mechanism of this transformation is not totally clear, the release reaction is known to be of fundamental importance in mammalian blood platelets. The release reaction was shown by Holmsen and his colleagues (6, 9, 15) to be a specific extrusion process limited to those substances localized in the platelet granules Earlier work by Haslam (12, 13) 
Animals. Peking ducks (Anas plalyrhpzchos)
and Muscovy ducks (Cairina moschata) were used during the course of these studies. In all cases the data were combined as no significant differences in results were detected.
Reagents. Unless otherwise indicated, all solutions were prepared with Tris-buffered saline (0.01 M Tris-HCl in 0.14 M NaCl, pH 7.4), and the pH was adjusted to 7.4. Solutions of 5-hydroxytryptamine creatinine sulfate (Regis Chemical Co.) were kept at -20°C for no longer than 1 mo. Acid-soluble collagen (1.67 mg/ml in 16.7 mM acetic acid) was prepared from duck leg tendon according to the method of Holmsen and Weiss (21) and was stored frozen in small aliquots which were used once and then discarded. ATP, AMP, adenosine, adenine, inosine, and hypoxanthine (Sigma Chemical Co.) were stored as stock solutions at -ZO'C.
Solutions of ADP (Sigma Chemical Co.) were prepared as recommended by the supplier and were kept at -20°C usually no longer than 2 mo. Firefly lantern extract (Worthington Biochemical Corporation or Calbiochem Corp.) was dissolved in 5 ml of deionized water at least 2 h before use and was kept at room temperature throughout the experiment.
Thrombocyte preparation. Ducks were anesthetized by intramuscular injections of 60-100 mg/kg of Nembutal (Abbott). Blood was collected by cardiac puncture into 0.1 vol of 3.8 % trisodium citrate. All surfaces exposed to the blood were either plastic or siliconized (Siliclad, Clay-Adams) The cell pellet was resuspended in 1 vol of Tris-saline containing 0. I % glucose, and these suspensions were kept at room temperature throughout the experiment. Aggregation* Aggregation of TRP was followed photometrically with a Chronolog Aggregometer according to the method of Born (5). Cells were preincubated at 4O"C, the body temperature of the duck, for 2 min prior to the addition of collagen.
Occasionally experiments were conducted in which resuspended thrombocyte preparations were used rather than TRP. The same procedure was followed for aggregation except that 0.1 vol of titrated, cell-free plasma and CaC12 at a final concentration of 0+2 mM were routinely added to these preparations.
Failure enous serotonin : 3 min after the addition of collagen, 34-74 % of the total serotonin (mean = 51 %) was released, and from 3 to 10 times more serotonin was released from the aggregated cells than the controls (Table  1 ). In the course of these studies duck TRP was found to contain a total of 1.58-5.60 pg 5-HT/ml. Uptake of a&nine compounds. Duck TRP was incubated with 13 PM 14C-labeled adenosine for 1 h at 40°C with little or no incorporation of the label. In contrast to these results, when TRP was incubated with 16 PM [14C]adenine under identical conditions, 17-24 % of the label was taken up* After 90 min of incubation, there was no indication that equilibrium had been reached (Fig. 3) .
High-voltage electrophoresis of the perchlorate extracts of adenine-labeled cells and supernatants showed that greater the presence of a discrete peak of absorbance. Tn addition no increase in 260 nm-absorbing material was observed in Sephadex gel-filtered H extracts'of supernatants from aggregated TRP when these samples were compared with gelfiltered H extracts from control TRP. While small peaks of absorbance at 260 nm were noted in both aggregated and control H extracts, there was never any significant difference between these values.
Enzyme dederminafions. Table 2 summarizes the data pertaining to the release of intracellular enzyme markers during aggregation.
The results show that small amounts of LDH (2.7-l 1.6 %), acid phosphatase (O-12.7 %), and p-glucuronidase (0-23-O %) are released as a result of collageninduced aggregation.
DlSCUSSION
Extensive studies by a number of investigators have drawn attention to the significance of serotonin in avian blood and its role in thro lmbocyte aggregation.
Simonei t et al. (30) clearly showed that serotonin in the blood of white leghorn chickens is localized exclusively in the thrombocytes, and there is some indication that the amine is stored in dense granules similar to the type found in platelets (2, 25). Moreover serotonin is known to aggregate duck thrombocytes in a manner which closely parallels the pattern of ADP-induced platelet aggregation
(1). These results are unlike those found in platelets or chromaffin tissue, where amines are stored in complex with adenine nucleotides (3, 10). The inability to detect any adenine compounds may be due to a) the absence of serotonin-nucleotide complexes at the intracellular storage sites, b) the specific release of serotonin with the retention of nucleotides within the granules, c) insufficient sensitivity of the assay procedures employed, or d> a rapid enzymatic alteration of the liberated nucleotide, even though EDTA was added to the aggregated TRP to prevent such enzymatic degradation. Thus the possibility remains that adenine nucleotides are released during aggregation but are converted to other compounds before they can be recovered.
If this is the case, the significance of this alteration as it relates to aggregation should be explored. Table 2 shows that only small amounts of lactate dehydrogenase (2.7-11.670) and acid phosphatase (o-12.770) are released when thrombocytes are aggregated with collagen for 2-5 min. In addition P-glucuronidase does not appear to be released during aggregation since only 4.0 70 of the total intracellular enzyme can be recovered in the supernatant. The low leve1s of release of these intracellular markers indi-cate that duck thrombocytes maintain their integrity during aggregation and that release in these cells is a true release reaction.
In summary evidence has been presented to suggest that duck thrambocytes store relatively high concentrations of serotonin and release the amine into the extracellular milieu during collagen induced aggregation. Furthermore, the release of this agent appears to be a result of a specific release reaction since there is no indication of the liberation of either radioactive components of a metabolic pool of adenine nucleotides or intracellular enzyme markers. The results of this study show that collagen-induced aggregation of duck
